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In most cases of epilepsy it is not possible to reach an aetiological diagnosis. Recent research points to a 
pre-perinatal disruption of the neurodevelopment as being the cause of at least some of these epilepsies of 
unknown aetiology. The object of this study was to corroborate this hypothesis from an epidemiological perspective 
and identify the most likely candidates for causes of this damage. The approach used was an analysis of the 
seasonal pattern of births in a large sample of epileptic patients discharged from NHS hospitals in England and 
Wales. The results illustrated that the seasonality of the births in the epileptic sample was significantly different 
from that of the general population, with an excess of patients born in December and January and a deficit of those 
born in September. This ‘seasonality’ was present only in the patients born before the late 1950s. 
These results are suggestive of the existence of an aetiological factor for epilepsy with a seasonal presence in the 
environment and which is epileptogenic when acting in the pre-perinatal period. Prenatal infections, obstetric 
complications and nutrititional deficiencies are amongst the hypotheses developed on the nature of this agent(s). 
Key wor& epilepsy: seasonality; schizophrenia. 
INTRODUCTION 
Despite improved diagnostic techniques, only in a 
minority of cases of epilepsy is it possible to reach 
an aetiological diagnosis: in most patients is it not 
possible to identify the causative factors behind 
the development of the syndrome’.2. 
One of the most promising hypotheses is the 
congenital origin of at least some cases. This 
hypothesis proposes an aetiological agent which 
disrupts the neurodevelopmental process during 
the pre-perinatal period causing damage which 
predisposes the individual to the future develop- 
ment of epilepsy”. 
Support for this theory has come from recent 
neuropathological and imaging studies’. The 
ascertainment and study of the risk of disease 
associated with the season of birth follows an 
epidemiological approach frequently used to 
search for environmental aetiological agents in 
congenital diseases. 
The object of this study is to apply this 
approach to epilepsy, verifying whether the 
seasonality of birthdates in epileptic patients is 
significantly different from that of the general 
population. 
If this is proved to be true it would reinforce 
the validity of the theory of a congenital origin in 
idiopatic epilepsies and would give indications to 
possible aetiological factor(s). 
PATIENTS 
The dates of birth of the 30 080 discharges with a 
diagnosis of epilepsy from NHS hospitals in 
England and Wales over the period l/4/1989 to 
31/3/1990 were provided by the Department of 
Health and Social Security (DHSS). We re- 
stricted the sample of our study to patients born 
between 1938 and 1988 and to only one episode 
for each patient. Patients with more than one 
admission during this period are therefore rep- 
resented only once. After these restrictions the 
sample object of the study was represented by 
14458 patients. The control population is rep- 
resented by all live births in England and Wales 
and these dates of births were also provided by 
the DHSS. 
Only subjects born between 1938 and 1988 
were considered in the study due to the fact that 
the tables of live births in England and Wales 
prior to 1938 are only recorded per quarter and 
this would not allow the monthly analysis of the 
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data planned for this study. A control population 
is necessary because the distribution of live births 
in the general population is not homogeneous, 
but shows variations from month to month and 
from year to year. 
METHODS 
The data is modelled under the assumption that 
the number of cases born in each month has a 
Poisson distribution, so that the probability that 
there are ri cases in month i where there are Nj 
births in that month is 
Pr(R, - ri) = ~ (41vi)’ e-,q.,f, 
ri! 
The parameter Ai is the incidence rate in month i. 
Since inspection of the observed incidence rate 
indicates that the rate changes over time, it is 
modelled by assuming that the rate follows a 
non-linear trend in time t: 
log Ai = PO + PI t + Pzt* + p3f3 + P4t4. 
The values of the coefficients were found by the 
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the package GLIM’. The results of fitting the 
trend line are shown in Fig. 1. 
Having modelled the non-linear trend in the 
incident rate, the effect of the season on this rate 
was analysed. The standard methodology for 
Poisson regression was followed. Just as in the 
case of Normal least squares regression, inves- 
tigation of the residuals after the trend line has 
been fitted reveals whether any particular month, 
or season, has an abnormally large, or small, 
incident rate. Since the fitted mean numbers of 
cases per month is relatively large, it is reasonable 
to apply the Normal approximation to the 
Poisson in order to analyse the residuals. Once 
translated by their mean value (which is their 
fitted value in the non-linear regression) and 
scaled by their standard deviation (the square 
root of the fitted value), the residuals should have 
an approximately standard normal distribution. A 
quantile plot confirming this is shown in Fig. 2. 
The residuals can be seen to lie reasonably close 
to the straight line which indicates Normality. 
Thus we see that the non-linear regression does 
seem to be a good baseline model with which we 
can investigate seasonality. 
The variance of the normalized residuals was 
1.187, which was slightly higher than the expected 
value of 1. This indicates that there is still some 
. 
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Fig. 1: Monthly rate of cases of epilepsy per birth (dots) and fitted trend (line) 1938-1988. 
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Fig. 2: Quantile plot of the normalized residuals 
variation which has not been explained by the 
regression. The next step is to see whether this 
variation is due to a monthly or seasonal effect. 
To test for a monthly effect a dummy variable, 
Si = 
{ 
1 for month i 
0 if not month i, 
was fitted for each month in turn and tested for 
statistical significance using the deviance. This is 
defined as twice the difference between the 
maximum likelihood for the model which in- 
cludes the monthly effect minus the maximum 
likelihood for the null model. This deviance has, 
under standard regularity conditions, a chi- 
squared distribution: 
In order to interpret the results in terms of 
percentage increases it is necessary to convert the 
estimated values of the monthly dummy variable 
to the percentage scale. Fitting the monthly 
variable for the significant months in turn gives 
the trend line as 
log A, = i pjfj + t7ti6i 
j=O 
Since the incidence rate is on the logarithmic 
scale, one can convert to the percentage scale by 
using the formula: 
lOO(e”‘1 - 1) 
RESULTS 
The results of the 12 separate regressions, one for 
each month, are shown in Table 1. It can be seen 
that there is a significant excess (P = 0.01) of 
epileptic births during the month of January. In 
order to check that the significant results are not 
due to a few large residuals rather than an actual 
monthly effect, the January residuals only were 
plotted (Fig. 3). 
This plot suggests that the January excess is not 
constant, rather that there has been a change in 
the late 1950s. To check this, the data was split 
into two halves and separate regressions were 
Table 1: The deviance and significance level of each 
monthly effect for all data 1938-1988 
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Fig. 3: The normalized residuals for the month of January 1938-1988. 
done for each part of the data, again each month 
being checked for a significant effect. The results 
are shown in Table 2. 
These give significant results only for the 
pre-1956 data, with no monthly effects for the 
post-1956 period. 
In the pre-1956 period the January excess is still 
present, and much more significant (P = 3 X 
10-h). 
September, which was not significant when the 
whole dataset was analysed, is now significant 
when the pre-1956 data are isolated: September 
shows a significant deficit (P = 0.008) and there is 
some evidence of a December excess (P = 0.038). 
The September residuals were individually 
plotted (Fig. 4) and also show a change in the late 
1950s similar with the one observed for January. 
Note that in both Fig. 3 and Fig. 4, if there was no 
monthly effect the normalized residuals would 
have mean of zero and a variance of about 1. This 
is approximately true for both plots post 1956, but 
there is a change of mean value pre 1956. For Fig. 
3 this is above the predicted mean of zero and for 
Fig. 4 it is below. 
The values for the monthly effect are given in 
Table 3, and these are given in terms of 
Table 2: The deviance and significance level of each monthly effect pre- and post-1956 
Deviance Deviance 












21.44 3.0 x lo-” 0.074 0.786 
1.279 0.258 0.474 0.491 
3.538 0.060 1.181 0.277 
0.518 0.472 0.347 0.556 
0.049 0.825 0.502 0.479 
I .928 0.165 0.434 0.510 
0.075 0.784 0.000 1.000 
1.143 0.285 3.564 0.059 
6.917 0.008 0.997 0.318 
0.123 0.726 0.281 0.596 
0.056 0.813 0.873 0.350 
December 4.312 0.038 1.072 0.300 
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Fig. 4: The normalized residuals for the month of September 1938-1988. 
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percentage increases in Table 4. We also include a 
95% confidence interval for these estimates. 
-DISCUSSION 
This study shows how the epileptic dataset 
analysed has a monthly incidence of births 
significantly different from that of the general 
population. 
The significant results are an excess of epileptic 
births in January, and a deficit in September. 
These results are confined to patients born up 
to the late 1950s but with no significant values for 
patients born afterwards. 
Because there is no reason to think that the 
parents of epileptic patients have a seasonal 
pattern of conception different from that of the 
general population, these results can be inter- 
preted as suggestive of the presence of a seasonal 
environmental factor aetiological for epilepsy. 
This agent could act either on individuals with 
Table 3: Estimates of the January and September effects 
pre 1956 
Month Monthly elfect Standard error 
January 0.2306 0.05076 
Seplember -0.1306 0.05997 
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no family predisposition for epilepsy (the one hit 
hypothesis), or it could require a genetic 
predisposition in order to exert its aetiological 
action (the two hits hypothesis). 
In order to explain the seasonal excess of 
epileptic births in the two consecutive months of 
December and January, this environmental factor 
should possess the following characteristics; (1) a 
causal connection with the development of a 
permanently lower threshold for epileptic sei- 
zures, (2) a feature in the environment with 
regular seasonal patterns, (3) a noxious action 
which is effective only or mainly during the 
pre-perinatal period. The results of the analysis 
indicate also a fourth characteristic: this aetiolog- 
ical factor has either disappeared from the 
environment, or lost its seasonality, in the late 
1950s. 
Less obvious are possible explanations for the 
September deficit of epileptic births. The more 
plausible hypotheses are the following: (1) an 
aetiological agent for epilepsy, which is present 
Table 4: The estimated monthly effects and 95% confidence 
intervals 
Month Monthly effect 95% confidence 
(%) interval 
January 25.93 (13.9.39.1) 
September - 12.24 (-22.2, -1.1) 
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across the whole year, but has a brief seasonal 
decrease in the environment; or (2) a protective 
factor for epilepsy which has a brief seasonal peak 
in the environment; or (3) a seasonal environ- 
mental factor which causes an increase in 
pre-perinatal mortality in subjects genetically 
predisposed to develop epilepsy. 
This agent would share with the one hypothes- 
ized for the winter excess the characteristics of 
seasonal presence in the environment, an 
effective action during the pre-perinatal period 
and a disappearance of its effective action in the 
late 1950s. 
One could also hypothesize that there is a 
unifying factor which explains both the winter 
excess and the September deficit of births but, as 
will become clearer in the discussion, this solution 
presents some difficulties. 
The environmental factors most likely to satisfy 
the above requirements are: (1) prenatal infec- 
tions; (2) obstetric and perinatal complications; 
and (3) nutritional deficiencies. 
1. Prenatal infections 
Viral infections during gestation are known to 
have the potential to produce epileptogenic 
lesions: for example epilepsy is reported in 20% 
of children who suffered from congenital rubella’. 
Neonates succumbing to cytomegalovirus infec- 
tions frequently show polymicrogyria8, a disorder 
of neuronal migration which is known to cause 
epilepsy’; it is reasonable to assume that a less 
severe disruption of neurodevelopment causing 
epileptogenic lesions compatible with survival to 
later life, may result from intra-uterine viral 
infections. 
Recent neuropathological and MRI studies of 
patients suffering from cryptogenic forms of 
epilepsy have shown abnormalities in the brain 
architecture which are consistent with disorders 
of neurodevelopment4. 
Most viral infections have a seasonal presence 
in the environment, usually with a winter excess’. 
Influenza epidemics, for instance, usually occur 
during the winter months”, furthermore, several 
studies show how maternal infection with Type 
Al Influenza Virus during pregnancy produces, 
as a consequence, an excess of congenital 
malformations, most of which affect the central 
nervous system”*‘*. It could be hypothesized that 
maternal infection at the third trimester of 
pregnancy could cause epileptogenic lesions in 
the foetus conducive to the winter excess of 
epileptic births. 
The September deficit could also be explained 
if maternal infection was not compatible with 
intra-uterine survival for foetuses which are 
genetically predisposed to epilepsy. However it is 
difficult to reconcile the influenza hypothesis with 
the disappearance of seasonality in the late 1950s. 
Polioviruses are another interesting candidate 
for the role of aetiological agent causing season- 
ality in epilepsy. Transplacental infection has in 
fact been documented by viral isolation’3 and an 
increase of congenital malformations in the 
offspring of infected mothers has also been 
reported14. The incidence of acute poliomyelitis 
was higher among gravid women as compared 
with otherwise similar non-pregnant women15. 
Polioviruses, like the other enteroviruses, show 
a seasonal presence in the environment, but 
different from most of other viruses, peaking in 
late summer and early autumn16. The disappear- 
ing seasonality would be explained by the 
introduction of inactivated poliovirus vaccination 
in the U.K. in 1956 which resulted in a dramatic 
reduction in notifications for poliomyelitis be- 
tween 1955 and 196OI’. 
2. Obstetric and perinatal complications 
In a retrospective study it was found that mothers 
of epileptic patients have a significantly higher 
incidence of perinatal and obstetric 
complications . ‘* The incidence of perinatal and 
obstetric complications shows a seasonal pattern: 
eclampsia, still birth, foetal and infant morbidity, 
and perinatal asphyxia all tend to occur preferen- 
tially in the winter months’“. In England and 
Wales the rate of early neonatal mortality, which 
is likely to be an index of foetal and neonatal 
health, was relatively stable between 1920 and the 
mid-1940s, but afterwards there was a dramatic 
fall, with the sharpest reduction between the late 
1940s and the late 195Os*‘. This phenomenon 
could explain the disappearance of the season- 
ality in the epileptic population over the same 
period of time. 
3. Nutritional deficiencies 
The central role of vitamins for a normal 
neurodevelopment is demonstrated by the 
effective prevention of neural tube defects 
through the use of folic acid supplements during 
pregnancy*‘***. 
The assumption of nutrients in the diet shows a 
marked seasonal trend23-25. It is again much 
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easier to explain the winter excess than the 
September deficit of epileptic births. 
CONCLUSIONS 
The analysis of the seasonality of births for a large 
sample of epileptic patients discharged from 
hospital in England and Wales has shown an 
excess of epileptic birth in January, a deficit in 
September and some evidence of an excess in 
December. 
These results are significant for patients born 
up to the late 1950s but not for those born 
afterwards. 
The paper developed the hypothesis that this 
seasonal skew is caused by an aetiological 
agent(s) for epilepsy which acts during the 
pre-perinatal period and disrupts the neurodevel- 
opment causing epileptogenic lesions. 
The absence of seasonality in those born after 
the late 1950s would be explained by the 
disappearance in that period either of this agent 
or of its seasonality. 
Several hypotheses on the nature of this 
agent(s) have been discussed. 
REFERENCES 
1. Hauser, W.A. and Hesdorffer, D.H. In: Epilepsy: 
Frqtency, Causes and Consequences. New York, Demos 
Press, 1990. 
2. Hauser, W.A.. Annegers, J.F. and Kurland. L.T. Incid- 
ence of epilepsy and unprovoked seizures in Rochester. 
Minnesota: 1935-1984. Epilepsia 1993.34 453-468. 
3. Palmini, A.. Andermann, E. and Andermann. F. Prenatal 
events and genetic factors in epileptic patients with 
neuronal migration disorders. Epilepsia 1994: 35: 965-973. 
4. Kuzniecky, R.I. Magnetic resonance imaging in develop- 
mental disorders of the cerebral cortex. Epilepsiu 1994: 
35(Suppl. 6): 44-56. 
5. Aitkin, M., Anderson, D.. Francis, B. and Hinde. J. 
Sfatisfical Modelling in CL/M. Oxford. Oxford Statistical 
Science Series, 1989. 
6. McCullagh, P. and Nelder, J.A. Generalized Linear 
Models. Chapman & Hall, 1983. 
7. Volpe. J.J. Neurology of the Newborn. Second Edition. 
Philadelphia. W.B. Saunders, 1987. 
8. Bignami, A. and Appicciutoli. L. Micropolygyria and 
cerebral calcification in Cytomegalic inclusion disease. 
Acta Neuropathologica 1964: 4: 127. 
9. Hope-Simpson, R.E. The role of season in the epidemiol- 
ogy of Influenza. Journal of Hygiene 1981; 86: 35-47. 
10. Stuart-Harris, C.H. and Smith, J. The epidemiology of 
influenza, key facts and remaining problems. In: influenza 
models: prospects for development and use. (Ed. P. Selby). 
Lancaster, MTP Press, 1982. 
11. Lynberg, M.C., Khoury, M.J., Lu, X. and Cocian, T. 
Maternal flu, fever, and the risk of neural tube defects: a 
population-based case-control study. American Journal of 
Epidemiology 1994; 140: 244-255. 
12. Saxen, L., Hjelt, L., Sjostedt, J.E., Hakosalo, J. and 
Hakosalo, H. Asian Influenza during pregancy and 
congenital malformations. Acra Purhologica and Micro- 
biologica Scandinavica 1969: 49: 114-126. 
13. Schaeffer, M. Fox, M.J. and Pi, C.P. Intrauterine polio- 
myelitis infection: report of a case. JAMA 1954; 155: 
248-250. 
14. Aycock, W.L. and Ingalls, T.H. Maternal disease as a 
principle in the epidemiology of congenital anomalies. 
American Journal of Medical Sciences 1946; 212: 366-379. 
15. Siegel, M. and Greenberg, M. Incidence of Poliomyelitis 
in pregnancy. The New England Journal i?f Medicine 1955: 
253: 842-847. 
16. Christie, A.B. Acute Poliomyelitis. In: Infecroas Diseases: 
Epidemiology and Clinical Practice Fourth edition. 
Edinburgh, Churchill Livingstone, 1987: vol. 2, pp. 
817-856. 
17. Miller, D.L. and Galbraith, N.S. Surveillance of the safety 
of oral poliomyelitis vaccine in England and Wales, 
1962-1964. British Medical Journal 1965: ii: 504-509. 
18. Pasamanick, B. and Knobloch, H. Seasonal variation in 
complications of pregnancy. Journal of Obsrerrics and 
Gynaecology 1958; 12: 110. 
19. Neela, J. and Raman. L. Seasonal trends in the occurrence 
of eclampsia. Narional Medical Journal of India 1993: 6: 
17-18. 
20. Reports of the Register General Office of Population 
Census and Surveys on infant mortality in England and 
Wales. London: HM Stationery Office. 
21. Czeizel. A.E. and Dudas, 1. Prevention of the first 
occurrence of neural tube defects by periconceptional 
vitamin supplementation. The New England Journal of 
Medicine 1992: 327: 1832-1835. 
22. Werler, M.M.. Shapiro. S. and Mitchell. A.A. Pericon- 
ceptional folic acid exposure and risk of occurrent neural 
tube defects. JAMA 1993: 269: 1257-1261. 
23. de Castro, J.M. Seasonal rhythms of human nutrient 
intake and meal pattern. Physiology and Behavior 1991: 
SO: 243-248. 
24. Subar, A.F.. Frey, C.M., Harlan, L.C. and Kahle, L. 
Differences in reported food frequency by season of 
questionnaire administration: the 1987 National Health 
Survey. Epidemiology 1994: 5: 226-233. 
25. Cooney. R.V., Franke. A.A., Hankin. J.H. er al. Seasonal 
variations in plasma micronutrients and antioxidants. 
Cancer Epidemiology, Biomarkers & Prevention 1995: 4: 
207-215. 
